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1. IHTRODUCTIOK 


A modification has bean made to the Hattauch-Herzog Spectrograph vitb an electro- 
optical ion detector fEOID) previously designed and constructed for JFL, so 
that it would be capable of operating not only in the electron-impact (El) mode 
of ionization, but also in the chemical ionization (Cl) mode. This modifica- 
tion necessitated an effort in three specific design areas. These areas were: 

1) sample Inlet, 2) ion source and analyzer regions, and 3} the pumping system. 

In addition, an appropriate electronics package had to be designed to control 
and operate the combined EI/CI source. 
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2 . 


SYSTEM DESCRIPTION 


2.1 VACUUM SYSTEM 


In order to accommodate the increased flow of gases Into the source region of 
the Instrument due to Cl, the pumping requirements for the source region and 
the analyzer region had to be determined. A vacuum piimping system vas then 
designed based on these requirements. Project Note 1 deals with the calculation 
of pumping speeds for both air and methane with the chosen vacuum pumps and 
their associated baffles. 

It was decided that the pumping system in the source region would consist of 
a Sargent-Welch 1402 mechanical pump (160 1/min) and a Varian VHS-4 oil 
diffusion pump (1250 1/sec). In the analyzer section, a Sargent-I^elch 1405 
siechanical pump (60 1/mln) and a Varian H-2 oil diffusion pump (175 1/sec) 
are used. 

A new ion source housing had to be designed to mate Che CI/EI source with the 
existing electrostatic sector housing. The source had to be mounted on a 
flange to maintain easy access for maintenance. Figure 1 illustrates the ion 
source-plug connections. Table 1 lists the Ion Source-Plug-Terminal Strip 
Connections. Project Note 2 describes the design of the bousing, while Project 
Note 3 shows that the flow rate between the source region and analyzer region 
is 0.5%. This indicates that the bousing design has made a tight fit and 
is functioning properly. 

In addition, an alpha stop was designed and properly located between the 
object a lit and the electric aector to limit the angular apread of the ion 
beam to +1**. 
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FIGURE 1 

Ion SouTce-Plug Connections 


3 “ 



Ci 


TABLE 1 

Ion Source-Plug-Termlnal Strip Connections 

Terminal Strip 


Source Connection 

Plug Connector 
UPPER PLUG 

Connection 

Source Block Heater 

D 

None 

Source Block Heater 

B 

None 

Thermocouple 

A 

None 

Thermocouple 

E 

None 

Total Ion Monitor at 
Alpha Stop and Ground 

H 

BOTTOM PLUG 

11 

Filament 

B 

1 

Filament 

D 

2 

Left Repeller 

A 

3 

Right Repeller 

L 

4 

Source Block 

J 

5 

Right Ion Focus 

F 

6 

Left Ion Focus 

H 

7 

negative 2“ Axis 

Hone 

8 

Positive Z-Axis 

None 

9 

Positive ESA 

None 

10 

Negative ESA 

None 

12 


4 



D 
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2.2 IMLET SYSTEM 

To Accommodate the introduction of reagent gases for Cl, a new aantple inlet 
syatem vas designed. This system had to be capable of not only allovlng flov 
of 2 atm cc/min for C£ operation but also of being switched to a region where 
a flow splitting of 20 ;1 occurs so that El conditions prevail. The inlet 
system would also have to be Insulated from the source block so a gaseous 
discharge would not occur from the source block «*ich is at a high potential 
of ca. 1300 V. Project Note 4 describes the design of the inlet system and 
Project Note 5 details the testing procedure involved with designing the 
insulating technique for the gas inlet line. 

The inlet system was designed to have a thermal sone with a temperature of 
200® C controlled to +10® C. 

2.3 DETECTION S'^STEM 


The detection system for this Instrument consists of five microchannel plates 
in series along the focal plane of the mass spectrometer. These microchannel 
plates have been supplied by JPE and were fabricated by Galileo Electro- 
Optics Corporation. The microchannel array (MCA) produces efficient conversion 
of the incoming ions to secondary electrons and causes further secondary 

3 

electron multipllcaton, yielding a gain of 10 . The electrons are then 
accelerated and allowed to strike a phosphor. The intensity of the image 
formed on the phosphor is proportional to the number of ions striking the 
MCA. In the present arrangement, the image intensity Is measured by a Gamma 
Scientific Photometric Microscope, Photo Multiplier, and Digital Photometer. 

The calibration of the detector was discussed in Project Note IS in the Final 
Report for Contract No. HAS7-100. 

The output of the digital photometer vas fed to the input of an X-Y Recorder 
or a time-based Strip Chart Recorder. It vas possible to obtain a complete 
recording of the mass spectra by moving the photometric microscope along the 
focal plane and displaying the output on the strip chart recorder producing 
a mechanical acan of the spectra. If a very small segment of the spectra is 




needed to be displayed, the photometric detector is positioned and the 
accelerating potential scanned from V(ACC) to V(ACC) ±100 V. The output from 
this voltage scan vas displayed on the K'-T Recorder. Because of this record- 
ing scheme, it vas necessary to have a continuous production of the mass 
spectra. Thus, it was not possible to utilise a gas chromatograph for sample 
introduction as a steady state sample would not be available. 

In addition to the detection system described above, the capability of 
utilising post-focus ion acceleration (PTIA) has been designed for the ejtit 
region of the magnetic sector. The purpose of the PFIA is to give the ions 
sufficient additional energy (beyond that obtained from the accelerating 
potential) to increase the yield of the MCA, resulting in an increase of 
S/N. Figures 2 and 3 illustrate the electrical connections for the electro- 
optical ion detector (EOXD) and the schematics for the electrical connections 
for NON-PFIA and with PFIA. 

2. A ELECTRONICS 


The electronics package developed for this instrument has three primary 
functions. These are: 1) to supply all voltages to the CI/EI ion source, 

2) to provide means to control the temperature of the inlet and ion source, 
snd 3) to provide power for the vacuum system. In addition, protective 
circuitry and voltage scanning are provided for some systems. Figure A is 
the source control panel layout while Figure 5 is the schematic of circuitry 
which supplies power for: the filament, for emission regulation, potentials 

for ion acceleration, repellers, ion focus plates, Z-axis lens and the 
electrostatic analyser. To protect the filament, the filament power supply 
will not operate unless the accelerating voltage is greater than SOO volts. 

As previously mentioned, scanning the mass spectra over a range of 100 volts 
by a continuous voltage ramp is achieved by a cir uit illustrated in Figure 6. 

Temperature control for the source block and inlet systems is achieved by 
thermocouples in each area and a Wolfe Industries Temperature Controller 
Style 303K regulates the temperature at 200"C +10®C. 
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FIGURE 2 

EOIU Connections 
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Electrical Connections for EOID 
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FTGURE k 

Source Control Panel Layout 
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FIGURE 6 

mph Voltage Scan Circuit for Fluke 412B HVPS 




Figure 7 is the schematic for the wiring to provide power to the mechanical 
pumpe» diffusion pumps, and to the electronics package. Additionally, there 
is a pressure sensitive water flow switch in the circuit to the diffusion 
pumps. In the event the flow decreases and adequate cooling is not provided 
for the diffusion pumps, power is cut off to the pumps. 

2.5 R0RJ1AL OPERATING VALUES 


To provide for a reproducible experimental environment, the following values 
of operating parameters were normally used: accelerating potential, V(SB) : 

1500 volts; phosphor voltage; 3900 volts, and the voltage to the MCA: 1000 
volts. Table 2 lists the voltage range available for the ion source poten- 
tials and focusing parameters. 
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TABLE 2 

Ion Focusing Parameter Voltage Range 


Parameter 

Repeller Ho. 1 and 2 
Source Block 
Ion Focus No. 1 and 2 
Z-Axis Lens 
Positive ESA 
Negative ESA 


Range 

1400 - 1422 
1400 

1292 - 1400 
345 ^ 560 
66 -»■ 108 
-86 -*■ -108 
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3. EXPEB.THENTA1 RESULTS 


3.1 EOID CHAMCTERI2ATI0K 


Since all of the spectral information generated in this instrument was 
obtained by the conversion of ions to secondary electrons in the MCA, It 
Mas very important to have the MCA veil characterised. For this purpose, 
two experiments were initially performed. The first experiment determined 
the peak intensity as a function of ion accelerating voltage. The voltage 
range selected was from 1000 to 2000 V for ions of m/e 131. Both voltage and 
mechanical scans were made of the same mass peak, for several accelerating 
potentials. Figures 8 and 9 show the voltage and mechanical scans respec- 
tively. It is apparent that the experimental points do not show a smooth 
curve for the relationship between intensity and accelerating voltage, which 
would indicate that the HCA does not yield a uniform gain across its surface. 
This was confirmed in a separate experiment lAere the sensitivity was measured 
along the MCA plane. A mass peak equivalent to m/e 3B1 was moved along the 
MCA by a slight change in the accelerating potential. The photometric micro- 
scope was then repositioned and a voltage scan was recorded. Figure 10 
Illustrates the variation of the sensitivity along just 0.100 inch of the MCA. 
Within this length one measures a sensitivity variation by a factor 3.5. This 
indicates that no quantitative Information should be obtained from a mechanical 
ocan of the MCA plane, as the gain is not imiform. Quantitative information 
can more reliably be accomplished by voltage scanning. The reason for this 
is that the area of the MCA used during analysis via voltage scanning is kept 
constant. Thus the gain in the MCA is also constant. 

Another quantity measured during the experimental stage was the rotation of 
the image as a function of the voltage applied to the EOID. Figure 11 illus- 
trates the variation of the peak intensity, peak integral, and the Image 
angle for m/e 381 ions as fi function of applied voltage to the phosphor. 
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FIGUKE 9 

Peak Intensity vs Accelerating Potential-Mechanical Scans 
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FIGURE 10 

Farletion of Sensitivity Along MCA Plane 
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FIGURE 11 


Variation of Image Quality as a Function of Phosphor Voltage 
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There ie image rotation of 10 degrees vhen the applied voltage between the 
phosphor and the HCA la changed 1200 volts. The image angle is Important for 
the fabrication of the fiber optica which will be used to transfer the image 
out of the EOID as it will have to be rotated to the corresponding angle. 
Figure 12 represents the image position as a function of the potential differ- 
ence between the HCA and the phosphor. It appears that as the potential 
difference increases, the image height also Increases slightly. 

3.2 MAGHET POSXTXONIHG 


Due to addition of the CI/EI source, the entire instrument had to be dis- 
assembled. After reassembly, the optimum position for the magnet had to be 
experimentally determined. To achieve correct positioning, perflurokerosene 
(PFK) was introduced Into the system and mass peak 381 was located. Voltage 
scans of this mass peak were obtained at various magnet positions and the 
full width at half maximum (FWHM) was determined. Figure 13, shows the 
results of plotting the FWHM vs magnet position. A similar plot, shown in 
Figure 14, was made of the same peak under the conditions of PFIA. It is 
apparent that the optimum position (the position which results in the minimum 
FWHM) occurs at a position of approximately .150 inch without PFIA and at .175 
Inch under the conditions of PFIA. These positions are expressed relative to a 
fully forward position. 

3.3 Z-AXIS LENS EFFECT OS TRAN5MISSI0K 


After the proper magnet position had been found, it was useful to determine the 

effect of the Z-axis lens on ion transmission. For this purpose, perflurobutene 

-6 

(PFB) was introduced into the ion source to give a pressure of 10 torr in 
the source housing. An El spectra was determined with an electron beam emis- 
sion current of 0.15 mA at 1500 volts ion accelerating potential. The photo- 
metric microscope was aet to monitor the peak eorreeponding to m/e 181. 

The intensity of the m/e 181 peak was measured with an applied voltage and 
ground potential to the lens. When at ground, refocusing of the Image was 
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FIGURE 12 

Image Position - Fiber Optics Output 
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FIGURE 13 

Peak Width vs Magnet Position Hon*-PFIA 
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FIGURE U 

Peak Width ve Hagnet Position Witfi PPIA 
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necessary. Figure 15 Illustrates the image Itensity of the m/e 161 peak both 
vith and i^ithout applied voltage as well as with voltage and mechanical scans. 

The improvement of the ion transmission due to the Z-axis lens potential was 
almost four using both mechanical and voltage scans. 

3.4 RESOLUTION 


From early experiments, it became evident that possibly a skewing of the magnet 
had occurred during reassembly, resulting in misalignment of the ion and MCA 
focal planes* This meant that different values of ESA potential would be needed 
to achieve optimum resolution for different masses. To select compounds which 
produced siaable mass peaks for resolution measurement, freon C318, PFB, PFK, 
and penthrane were used. These compounds have base peaks ranging from m/e 200 
to m/e 400. 

3.5 FREON C318 


Freon C318 was Introduced into the system to give a pressure of 4.7 x 10 ^ torr 
in the source housing. A mass spectrum of this compound Is shown in Figure 16. 
Figure 17 is a voltage scan of the m/e 131 peak. The resolution at this point 
is 149. 

3.6 PERFLUOROBUTENE-2 

Perfluorobutene was Introduced in the system in order to obtain an El and Cl 
spectra utilizing methane as the reagent gas. This was a particularly useful 
sample as it produced the same mass range as the freon C318 enabling easier 
mass identification. Figures 18 and 19 represent mass scans of PFB under El 
snd Cl conditions respectively. As one can see, the methane has caused an 
increase in the sensitivity for groups of ions with m/e approximately 181, 160, 
and 140 and a decrease in sensitivity to m/e 131, 150 and other middle mass 
peaks. 
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PIGURE 15 

Effect of Z-Axls Lens on Image Intensity 
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FIGURE 16 
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Figure 20 Illustrates the resolution obtained for m/e 161 in both the El mode 
(R - 339) and the Cl code (R « 226) . 

3*7 PERFLUOROKEROSENE 


It vas then deten&ined to estend the oass range of our sample to approximately 
We 400. For this purpose, PFK vas introduced into the system and tested under 
PFIA conditions. 

Figure 21 illustrates a mass spectrum of the peaks m/e 361 and 382 under 
conditions of no PPIA. The measured resolution was 572. Under PFIA conditions 
a mass spectrum for the range m/e 361-400 was taken with the resulting resolu- 
tion dramatically reduced to 237. This is shown in Figure 22. This decrease 
in resolution is due to the fact that PFIA causes the ion image to distort 
into the shape of a comma. Since the photometer detector merely integrates 
the vertical projection of the image in its path, the output is a broadened 
image. 


3.8 PENTHRANE 


Penthrene was Introduced into the system to see if a better Cl spectra could 
be obtained with methane as a reagent gas with a nonfluorinated compound. 
Figures 23 and 24 represent a portion of the penthrane mass spectrum in the 
range m/e 129-133, in the El and Cl mode, respectively. The resolution at 
n/e 129 in the £I node was determined to be 2l4 and in Cl was 203. Table 3 
lists the resolution of four mass peaks in both the El and Cl modes. These 
four masses cover over one half of the mass spectrim. In all cases, the Cl 
node gave essentially the same spectrum and resolution already obtained in 
the EX mode of ionization. This raised the question of whether or not true 
spectra were obtained under ideal Cl conditions. 

3 , 9 DETERMINATION OF OBJECT SLIT WIDTH 


Prior to disassembly of the Instrument for the conversion to the EI/CI source, 
the best resolution that was obtained at nass 381 is shown in Figure 25. The 
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FIGURE 22 
PPK With PFIA 
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Resolution of Various Mass Positions in Penthrane 


Mass Number 

Resolution 

El 

Cl 

83 

179 

157 

129 

214 

205 

145 

243 

195 

180 

294 

327 


35 
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FIGURE 25 



PFK With 0.001 Inch Sllt-Refore Modification 


object £llt vldth vas 0.001 inch and the resolution obtained was 431. When 
the Instrument was reassembled to increase the sensitivity of the apparatus 
the object slit width had been enlarged to 0.0023 inch. It was thought that 
an improvement in resolution would result in returning to a 0.001 Inch. 

Since a resolution of 572 was already obtained with the 0.0023 inch slit it 
was questionable whether a significant iiaprovement of resolution (with a 
concomitant decrease In sensitivity) would result In switching to the 0,001 
Inch slit. Project Note 6 looks at this question in detail, from the results, 
it was decided to leave the slit width at 0.0023 inch. 
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4 . 


COHCLUSIONS 


The experimental pha.$e of this program showed that the conversion of the El source 
to an EI/CI source was successful. Utilizing a two mil object slit, a resolution 
of 572 was obtained at m/e 381 in the El mode. At the same time a resolution 

of 372 at m/e 180 was obtained in the Cl mode. This compared to a resolution 

of 294 for the same peah in the El mode. 

The spectra generated by the chemical ionization did not exhibit the qualities 

that were expected. That is, the characteristic M + 1 peak (where M is the 

parent ion mass) was absent, nor was there a dramatic decrease in the number 

of lower mass peaks. The most likely reason for this behavior was the ratio 

of reagent to sample gas. This ratio under typical Cl conditions should be 

3 

^10 :1, Since our Cl spectra were run at ratios less than this, we probably 
did not achieve complete chemical ionization conditions. As the gas handling 
system was designed for use with a GC this ratio could not be achieved in prac- 
tice with steady state sample input. 

The use of PFIA resulted in a distorted ion image; the actual image shape 
being very dependent on potential applied to the lens plates ahead of the MCA. 

The cause of this distortion needs to be determined, so that the advantages 
of using PFIA can be realized. 

In general, the EI/CI capability of this instrument is very high. Some minor 
adjustments have to be made in the positioning of the magnet so that the maxi- 
sized resolution can exist simultaneously along the entire ion focal plane. 

The instrument will then provide the type of analysis envisioned for it. 
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APPENDIX A 


PROJECT NOTES 


CONTRACT NAS 7 “100 


Project Note Ho. 1 
6.J. Fergueson 
Hovember 1978 


Pumping System for Cl /El Source 
Ion Sour ce Gas Flows 


Calculations of source conductance and data from the manufacturer show that 
the required gas flow through the ion source is approximately 2 atm cc per min 
of CH^ to give a pressure of 0,5 torr in the ion source, or 4 atm cc per min 
for pressure of 1 torr in the ion source. The pumping system for the ion 
source bousing should have sufficient speed to maintain a pressure of 1 x 10 
torr outside the ion source for 2 atm cc/min input of CH^. 

Gas input to the analyzer comes from two sources - source object slit and 
leakage through the differential pumping carrier. Typically, these combined 
gas flows will be in the range 1/2% to 1% of the gas flow to the ion source - 
0.01 atm cc/m±n to 0.04 atm cc/min. 


The pxjmping system for the analyzer must maintain pressure in the analyzer 
below 1 X lO"”^ torr (preferably 5 x lO"^ torr) to avoid broadening of the 
mass peaks by ion-molecule collisions. 

Source Pumping System 

Desired pumping speed to maintain a pressure of 1 x 10 ^ torr for 2 atm cc/min 
input of CH^ is: 


2 _ 

60 


760 


10 


-4 


10 


-3 


l/sec 


« 250 l/sec 


A-1 



J 


A Varian 7BS~4 diffusion puiup (1250 1/eec) cod Varlsn 326-4 LN^ trap (conductance 
j 600 1/aac) had been previously selected for the source housing puQping syscen, 

yielding a combined speed of 405 1/sec for air or 543 1/aec for CH,. Connec- 

f ^ 

I Cion of the trap to the source housing was planned as an elbow of 4 inches 

dlaioeter with a design requirement that provision be made for possible later 

[ addition of a gate valve. Ihls would increase the connection length to approxi- 

I 

lately 15 Inches reducing the conductance of this line to 455 1/sec for CH, 

A 

I and the pumping apeed at the ion source to 250 1/sec for CH . . 

[ 

a 

• The diffusion pump was backed by a Sargent-Uelch 1402 mechanical pump with 

1 150 1/min throughput in order to maintain low foreline pressures during 

Cl operation. 

Ip 

Pumping speeds and pressures during Cl operation are given in Figure 1. 

» 

i 

Analyzer Pumping System 

i 

\ 

' A Varian M2 diffusion pump (175 1/sec) and a Varian 325 LN^ trap (conductance 

of 460 1/sec) had been previously selected for the analyzer pumping system, 

‘ yielding a combined speed of 127 1/sec for air or 170 i/sec for CH^. 

, The CH^ gas input to the ion source and leakage from the source to the analyzer 

determines the required pumping speed at the analyzer. For 2 atm cc/min of 
CH, into the ion source and 1% leakage to the analyzer, the required pumping 
speed for an analyzer pressure of 5 x 10 is: 


60 * 



760 

5 X 10"^ 


10 ^ 1/sec 


» 50 1/sec 

The only possible attachment point for the analyzer pumping system was to 
the source housing between the object slit and electric sector* Pumping line 
length to the trap was approximately 18 inches because the trap for 


A-2 


the Analyser systeni had to clear the components of the Ion source pumping 
system. Conductance of the connecting line was computed for various diameters 


l.ine Diameter 

Conductance 

Mr 

(1/sec) 

CH^ 

2’* 

35 

47 

2-1/2’' 

69 

92 


A 2-1/2 inch tube was therefore used, which combined with the speed of 170 
1/sec for pump and LN^ trap would give a speed of 60 1/eec at the analyzer. 


Pumping speeds and system pressures during Cl operation are given in Figure 2. 


Pumping Speed Pressure (Torr) 

For CH^ and 2 atm cc/mln CB 4 

Coi 5 >onents for (air) Input 


Ion Source 


Ion Source 
Housing 


4 inch OD 
Elbov 


Possible 
Gate Valve 


LK2 

Trap 


VHS-4 

Diffusion 

Pump 


1402 

Forepump 


250 1/sec 
(185) 


543 1/sec 
(405) 


1675 1/sec 
(1250) 


160 l/min 
(160) 


O.S 


1 X 10"^ 


1.5 X 10 
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Ion Source Pumping System 
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FIGURE 2 

Analyzer Puaplng System 
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Project Note No, 2 
G.J. Fergusson 
November 1978 


Ion Source Housing 

The requirements for the ion source housing vere; 

1. Maintain the design dimension of 3.640 inches between object slit 
and electric sector. 

2. Provide adequate pumping at the ion source. 

3. Provide adequate pumping to the analyzer region. 

4. Source to be easily removable for cleaning and maintenance. 

The design finally chosen is shown in Figure 1. Previous calculations shoved 
that a 2-1/2 inch OD pumping tube for the analyzer region was desirable, how- 
ever it is not physically possible to connect a pumping line of this size in 
the space between the ion source and the flanges associated with the electric 
sector. The 2-1/2 inch line from the M2 diffusion pump was therefore attached 
to a 2-1/2 inch to 2 inch reducing cone for connection to the ion source 
housing. This will cause a small loss of pumping speed from the calculated 
value of 60 l/sec, but still yield a pumping speed in excess of the required 
value of 50 I/sec. 






Project Note No. 3 
H. Koelin 
July 1979 

Calculation of Flow Rate Into Analyzer Realon From Source Region Using PFB-2 

To determine the flow rate from the aource to the analyzer, it vas decided to 
Bonltor the pressure changes In the cource and analyzer regions while increasing 
the flow of PFB-2 through the inlet aysteis. 

The pumping apeed in the source region is 250 1/sec and in the analyzer region 
it is 60 l/sec. 


Pressure (Torr) 

AP (Torr) 

^ ' sec ^ 

1) 

3.4 X lO"^ 


„ 

2) 

7,8 X lO”^ 

7.46 X 

2.45 X 10“^ 

3) 

4.9 X lO"^ 

4.12 X 10“^ 

1.36 X lO'^ 

4) 

1.04 X 10“^ 

5.5 X lO"^ 

1.81 X 10°^ 

1) 

2 X 10"^ 



2) 

2 X 10“^ 


w. 

3) 

2.9 X lO'® 

9 X 10“^ 

7.11 X lO"^ 

4) 

4.0 X 10“^ 

-6 

1.1 X 10 ° 

8.68 X lO"^ 


The flow rate in the source region is calculated by the following relationship. 


“0 ik * 10^ f * ^r(Torr) X 


Q 


aec 


While the flow rate for the analyzer region Is 


“ f * * TIO 
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To deterstlne the flov t«te frosi source to analyzer one obtains Q' by the 
following relationship 

n» « yiow Rate In Analyzer -q- 
^ Flov Rate in Source 

Q* a> 

1 ) — 

2 ) - 

3) 0.52 

A) 0.48 

Thus, the average flow rate from the source into the analyzer is 0.5%. 
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Project Note Ho. 4 
A. Tomassian 
Kovember 1978 


Inlet Systec for Cl, El Source 

An inlet syeteiQ ie designed to interface between e 6C column end a Cl, El 
source for the JPl Focal Plane tnase spectrometer. 

The 6C coluom will be UCOT with a flow rate of about 2 atm cc/min and where 
Hethane will be used ae a carrier gas. In the Cl mode the carrier gas will 
also be used as the reagent gas. 

The ion source conductance for Methane at 220^C is 34 cc/s in the molecular 
flow region and 57 cc/s in the critical flow region. The gold leak in the 
ion source inlet sample line has a condur:tance of 0.21 cc/sec for Methane at 
220°C in the molecular flow region and 0.35 cc/sec in the critical flow 
region. 

Cl Mode 


In the Cl mode the entire G.C. carrier gas can be allowed to flow into the 
source. The pressure in the ion source will be: 


P 

where , Q 

C 

P 

source 


- Q/C 

« 2 atm cc/min 
* 25.4 torr-cc/s 
« 57 cc/s 
"0,44 torr 


In this pressure regime 
dimension and therefore 


the mean free path will be much less than the source 
the flcyw will be viscous out of the source. 
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The pressure upetresn from the gold leak will he: 


V m 25.4 torr-ce/s 
^ 0.35 cc/B 

w 72.6 Torr 


Therefore all that is necessary «ill be a line to connect the G.C. column to 
the ion source on the upstream side of the gold leak. The flox*: through this 
line vill be 25.4 torr-^cc/s fd.th a pressure of 760 torr at the G.C. end and 
72.6 torr at the source end. The dinensiona of the line can now be evaluated 
using Poieeuille's equation. 

5 2 2 

Q » 1.553 X 10^ ^ 


where, Q is the flow, P^ and ere the pressures at the ends of the line, 

D is the inner diameter and L is the length. 

For Q * 25.4 torr-cc/s, P^ «■ 760 torr, P^ “ 72.6 torr 
^ - 2.86 X 10”^° 

Therefore, if the l.D. of the line is chosen to be .006 inch then L ■= 188.6 cm. 


The schematic of the flow would look as follows: 


! I 




itt> 


loot* 


5^5.3-f-H 1 










/pa 
.1- ^ 




I 


I 


Therefore, choosing a 168.6 cm line with .006 inch l.D. will be sufficient for 
operation in the Cl «ode. Here, the entire carrier gas flow will be allowed 
to enter the ion source. 
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The time constant in this case vill be the inner volume of the tube divided by 
the conductance of the gold leak 


or. 



.006 3t 2.50^ 

Os 


X 188.8 


X 


2 

3 (Pi - f,) 

P. : 


t * 0.70 aec 


This assumes no dead volume in the fittings. 

El Mode 

In the EX mode the source pressure must not exceed 10~^ torr which limits 
the sample flow to a maximum of 3.4 x 10 torr-cc/e. Therefore, most of the 
25.4 torr-cc/sec flow from the GC must be pumped out ahead of the source. 
Pumping this flow at the end of the GC line would be undesirable as it will 
drop the pressure at that point and this in turn will change the pressure 
distribution in the column. However, if another line Is placed between the GC 
and the point where the sample is being pumped, thus the column will terminate 
at one atmosphere pressure and therefore not change its performance. 

The flow lines will now look as follows: 



The dimensions of the line 1 were already derived in the Cl section; L « 188.8 ccm 

—3 

D “ ,006 inch. But now the flow is 3.4 x 10 torr -cc/s and therefore the 
pressure need be calculated. 
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The flow at the beginning of the line will be viscous while near the Ion 
source end it will be aolecular. 


Assuming is the pressure downstream in line 1 where the flow is viscous 
and where, 

X/D «= 0.1 X ® mean free path 

Or, X ■ .0015 cm 


This corresponds to a pressure of 3.3 torr. Thus, if P^ i5 3.3 torr at some 
distance L, the P^^ and L are related by means of Poiseuille's equation 

5 2 2 

Q « 1.553 X 10^ 

which for Q “ 3. A x 10 t - cc/s, P^ “ 3.3 torr, D - ,015 cm reduces to 


L - 2.38 (P^ - 10.89) 


The following table gives values of L for different values of P^: 


!i 

L 


5 torr 

33.6 

cm 

6 torr 

59.8 

cm 

7 torr 

90.7 

cm 

8 torr 

126. A 

cm 

9 torr 

166.9 

cm 
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In other vords, by varying the pressure one can var^f the length of the 
tube over vhich the flow Is viscous. 

Pressure can be controlled by throttling the flow to the vacuum pussp. 

As far as line 2 is concerned its length and/or inner diameter will be deter- 
% 

mined strictly by the flow rate since F^ is much less than an atmosphere. 

The flow will be viscous 

4 

5 2 2 b 

Q - 1.553 X 10^ ^ 

2 2 

In this case Q ^ 25. A torr-cc/sec, »* 760 torr, P^^ << 

. ^ "10 
. . D - 2.83 X 10 I 

Using GC line with D * .006 inch would require the line to be 190.5 cm long. 



^ 5 . 

T ?> 


In the £I mode line 2 must be added to allow the GC column to terminate at 
1 atmosphere pressure and to allow the pressure at the head of line 1 be a 
few torr which will restrict the flow to the MS and maintain the source 
pressure below 10 ^ torr. In the Cl mode line 2 must be removed. 

Using the Valeo 4 port valve or an equivalent, line 2 can be added between 
the GC column and line 1 for £I mode, or it can be removed for the Cl mode. 

Figure 1 gives a more detailed mechanical assembly of the inlet system with 
two different valve positions for Cl end El modes. 
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Inlet System 




Project Note No. 3 
Bill Nlu 
May 1979 


Evaluation of the GC/El Inlet Systeg 

In this project, a capillary GC column vlll be used with a flov rate of 
approximately 2 atm cc/min. l^en operating In chemical ionization mode (Cl), 
aethane will be used as the carrier gas as well as the reagent gas. In order 
to optimize the Cl process, a pressure of 0.5 to 1 torr should be maintained 
in the ion source. For this instrument, a DuPont ion source is employed. 

Since the ion source is held at 1300 volts, the discharge phenomenom between 
the source block and the grounded GC inlet should be considered. 

In the original DuPont design, a gold leak in the inlet line was used to 
maintain a much higher pressure (> 50 torr) at the upstream from the gold 
leak. This arrangement needs a long restriction line between the GC end and 
the gold leak to maintain such a pressure. This design will result in a time 
constant and a possibility of broadening the peak. An alternative design is 
to remove the gold leak and place an insulated tubing between the inlet line 
and the source block. In the present system, a 5 cm long, 1.55 mm I.D. Vespel 
tube Is employed* To test the adequacy of this arrangement, a simulated system 
to study the discharge characteristic is shown in Figure 1. 

Pressure inside the discharge tube is controlled by the regulator, needle 
valve, and the throttle valve. To carry on the experiment, a certain pressure 
was set first. The voltage applied to the anode was then increased until a 
visible discharge was maintained. A plot of the discharge voltage as a function 
of pd for different d is shown in Figure 2, where p is the pressure in torr and 
d is the length In cm. Figure 3 shows a similar plot where d is fixed at 
5 cm and tubes with different I.D. were employed. The discharge current in 
both cases Is from 0.2 mA to 0.6 mA. 

The sparking potential and the values of V/pd are determined by tbe total 
number of molecules which an electron encounters in a linear path across the 
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gap. Figure 3 demonstrates that «hen the l.D. of the discharge tube is 
reduced, the number of gas oolecuXes in the tube decreases, hence a higher 
vcfltage is required to Initiate the discharge. 

In aummaxy, the present experiment demonstrates that the design of the inlet 
eoimection using a 3 cm long, 1.53 nm I.B. Vespel tube, is adequate. Should 
a higher voltage be used in a similar design, the l.D. o£ the tube can always 
be reduced to achieve the purpose. 
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FIGURE 1 
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FIGURE 2 
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nCURE 3 
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Project Note No. 6 
N.J. Uei&s 
August 1979 


Calculation of TheoTetieal Resolution of Spectrograph 


Expression for overall beam width (b) in terms of aberrations 

2 

b ® M S + r + 2r og + |— + r A. 

D o m 11 m 12 2r m 6 

ID 


+ 0.05 r Z + .00059 + .00100 
m 


where : 


« demagnification of slit 
2 

*11 ** * aberration coefficient of Robinson 
*12 * *** aberration coefficient 

2 

Z /2r * Berry Curvature 
m 

A « aberration due to tilted detector 

e 

2 

,05 r Z ■ Z-focus einsel aberration 
m 

.00059 * channel width of MCA 
,00100 detector width 


Requirement 6 ; 

Unity mass resolution at m/e 500 or Am 0,5 amu at m/e 250 (r^ “ 3”) 

-1.416 


r • electric sector radius 
e 

T » tiagnetic sector radius 
y « 1 for flat magnet pole faces 

■*> 0 choosing appropriate value of r^/r^ 


Setting • 0 


1.416 


^ « 1.683 


Sj2-3.22+^ + ^ /.293 ^ + f) 

D ID \ SI ID / 


d • separation between faces of electric and magnetic sectors “ 4.0" 


Berry Curvature 


Z^/2r 


Z “ half height of beam ■ 0.050"; r * 3" 

m 


25 X 10 
2x3 


* 0.00042 for r » 3" 


0.00063 r « 2" 

n 

0.00032 r - 4" 

m 


Term 


A_ ■ 2 02 sin 6 

El 


e « 20* 


a 1.7 X 10 radians 


2.94 X 10 


Z - 0.050*' 


0.05 r 2 - Z>focu6 Einzel Aberration 

ID “■ ' ' -—I — 


- 0.00038 for r - 3" 
c 


liasnlfication 


.00074 for r - 2" 
m 

.00033 for r « 3" 

El 

.00018 for r - 4" 
m 


K “ ^ * .594 for r « 3" 
a B 
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B 

12 term 

B « 3.22 1.68 + 1.68 (.293 * 1.6B + 1.333) 

* 7.996 

2r^ ®12 • 2 X 3.0 X 7.996 x^l.74 x 10"^)x(l x 10"’^]|* 8.35 x lO"^ 

a 8 

Bj^ 2 ■■ 4) • 6.26 
B,* (r *2) - 12.69 

IQ 

2r B,, ap - 2 X 6 X 6.26 x 1.7 x 10‘^ x lO"^ * .00085 (r - 6) 

ID IZ B 

• 2 X 2 X 12.69 X 1.7 x lO'^ x lO'^ - .00086 (r - 2) 

B 

11 tero 

- -1.616 + 1/2 (t/tY 

J.J. 2 ID 

A * -l.*16 + 1/2 (5.05/6.0)^ - -0.619 

IX a • 


-6.0 X ,619 (1.7 X 10“^)^ - -7.15, x lO”^ in for r - 4" 

t> IS 

r * 2" 
o 

r B,, - 2.0 X 1.772 x 1.7„ x lO"^ - .00102 

a 11 2 

Comparison of varioua aberration tanas and calculation of resolving power. 
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X. Slit width .0023 


r **■ 

B 


2" 

3” 

4« 

1. Magnification of slit H S 

11 o 


.00100 

.00140 

.00180 

2 

2* a coefficient of 
Robinson 

.2 

.00102 

.0 

-.00072 

3. otS aberration 2r 

o6 

.00086 

.00084 

.00085 

2 

Berry curvature Z /2r^ 


.00063 

.00042 

.00032 

5. Aberration due to r A. 

tilted detector ® 


.00148 

.00099 

.00072 

6. Z-focus einsel aberration » 

.05 r Z 

Sun 1 through 6 ^ 

.00025 

.00524 

.00038 

.00403 

.00050 

.00347 

Correction due to tilted 
detector s 1/COSW 


.00741 

,00570 

.00491 

Channel without MCA 


.00059 

.00059 

.00059 

Bean width in focal plane 


.00800 

.00629 

.00550 

4 Detector width 


.00100 

.00100 

.00100 

Resolving power 
M _ An (rm/2) 
AM (AX) COSW 


157 

291 

435 

Resolving power 





c sero detector width 


177 

337 

514 

Improvement in reducing 


13% 

16% 

18% 


detector width 


REPRODUCIBILOT OF THE 
ORIGINAL PAGE IS POOR 



n. .ODll" Slit 


1. IS s 

81 O 

.00044 

.00065 

.00087 

M 

1 

.00468 

.00326 

.00254 

X 1/COSV7 

.00662 

•00464 

.00359 

^ MCA width 

.00059 

.00059 

.00059 

Beasi width in f.p. 

.00721 

.00523 

.00418 

'S' Hetector width 

.001 

.001 

.001 


.0062 

.0062 

.0052 

M / 4 M 

172 

341 

546 

M/AH c Zero detector width 

196 

406 

677 

laiproveiuent 

14 % 

19 % 

24% 

Conclusions 





1. Halving the ellt width reducee the sensitivity by a factor of two but only 
tesuXts in a nominal iioproveiuent of resolving power. 

2. The e@ aberration is nearly equal to the slit width tiioes the Bsgnifieation 

at 2” and nearly 50% of the latter at 4”. It gives the najor contribution 

to the bean width at r ■ 2". 

in 

3. The resolution Increases rapidly from r ^ 2" to r ^ 3^' then begins to 

in n 

level off after r ** 4*'. 

ffi 
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